Abstract. A problems of constructing the ytterbium quantum measure of frequency and sensing the collisional shift of the ytterbium hyperfine structure (HFS) lines in a medium of bath (He) gas are studied. Relativistic approach is used in calculating the inter atomic potentials, oscillator strengths, HFS collision shift and broadening for ytterbium atom in a medium of helium bath gas.
Introduction
Studying the collisional shifts and broadening of the hyperfine structure lines for heavy elements (alkali, alkali-earth, lanthanides, actinides and others) in an atmosphere of inert gases is one of the important and actual topics of the modern sensors theory and applied atomic optics and spectroscopy [1] [2] [3] [4] [5] [6] [7] [8] . The mentioned physical effects form a basis for creating an atomic quantum measure of frequency [4, 5] . For a long time the corresponding phenomenon for thallium atom attracted a special attention because of possibility to create the thallium quantum frequency measure. Alexandrov and co-workers [5] have realized the optical pumping of the thallium atoms on the line of 21GHz, which corresponds to transition between the components of hyperfine structure for the ground state, and have measured the collisional shift of this line due to buffer (bath) gas. Naturally, the inert buffer gases (He, Ar etc.) were used. The detailed non-relativistic theory of the collisional shift and broadening of the hyperfine structure lines for simple elements (light alkali elements etc.) has been developed by many authors (see discussions in refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] ). However, consideration of heavy elements faces serious difficulties related with account for the relativistic and correlation corrections. It should be mentioned also that the heavy atoms are interesting from the point of view of studying a role of weak interactions in atomic optics. In particular, calculations of the hyperfine structure line shift and broadening allow one to check the quality of wave functions and study the contribution of relativistic effects. By the way, in last years the lanthanide and actinide elements attract a great interest because of their perspectives in many applications, including the sensor physics and atomic optics devices (see refs. [2, 9, 10] and references there). It is very curious that until now a consistent, accurate quantum mechanical approach for calculating main characteristics of the collisional processes was not developed though many different simplified models have been proposed (see, for example [7, 8] ). The most widespread approach is based on the calculation of the corresponding collision cross-section, in particular, in a case of the van der Waals interaction between colliding particles. However, such an approach does not factually define any difference between the Penning process and resonant collisional one and gives often noncorrect results for cross-sections. More consistent method requires data on the process probability G(R) as a function of inter nuclear distance. It should be noted that these data are practically absent at present time.
In this paper the problems of constructing the ytterbium quantum measure of frequency and sensing the collisional shift of the ytterbium Yb hyperfine lines in a medium of bath (He) gas are studied. The relativistic approach is used to calculate the interatomic potentials, oscillator strengths, hyperfine structure collision shift and broadening for ytterbium atom in a medium of helium bath gas. The basic expressions for the collision shift and broadening of the hyperfine structure spectral lines are taken from the kinetic theory of spectral lines. The exchange perturbation theory has been used for calculating the corresponding interatomic potentials. Finally, new data regarding the oscillator strengths and van der Waals coefficients for system "ytterbium-helium" are presented.
Theory of collisional shift of the atomic HFS lines in the buffer gas
First of all, to calculate the collision shift of hyperfine structure spectral lines one could use the following expression known from kinetic theory of spectral line form (see [6, 8] 
where U(R) is the effective potential of the interatomic interaction, which has a central symmetry in a case of the systems A-B (in our case, for example, B=He; A=Yb); T is a temperature, w 0 is a frequency of the hyperfine structure transition in the isolated active atom; dω (R)=Dw (R)/w 0 is the relative local shift of the hyperfine structure lines, which is arisen due to the disposition of the active atoms (say, atom of ytterbium Yb and helium He) on a distance R. To calculate an effective potential of the interatomic interaction we use a method of the exchange perturbation theory [2] . To calculate a local shift one uses a method of exchange perturbation theory (we use the modified version ÅL-ÍÀV [6] ). Within exactness to second order terms on potential of Coulomb interaction of the valent electrons and atomic cores one can write:
Here Ñ 6 is the van der Waals constant for interac- Eα is defined as follows:
The values Ω 1 , Ω 2 in the expression (2) are the non-exchange and exchange non-perturbation sums of the first order correspondingly, which are defined as follows:
is the operator of hyperfine interaction, N is the total number of electrons taken into account in calculation; E k ,,
energy and non-symmetrized wave function of state k = {k a ,,k b } for isolated atoms A and B. The non-exchange matrix element of the Coulomb interatomic interaction is as follows:
Correspondingly the exchange matrix element is as follows:.
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is, for example, in a case of system Yb-Íå, as follows:
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where U Ñscf (r) is the self-conjunctive field, created by the ytterbium atomic core. Let us return to consideration of the van der Waals constant Ñ 6 for the interatomic A-B interaction. As a rule, one could use the approximate values for the van der Waals constant Ñ 6 etc. Often the sufficiently great mistake in definition of the van der Waals constants provides non-high accuracy of the inter-atomic potentials calculation and further inaccuracies. The van der Waals constant may be written as follows [2, 6] :
where C 6,0 (L) is the isotropic component of the interaction and C 6,2 (L) is the component corresponding to the P 2 (cosΘ) term in the expansion of the interaction in Legendre polynomials, where the angle specifies the orientation in the space-fixed frame.. The dispersion coefficients C 6,0 (L) and C 6,2 (L) may be expressed in terms of the scalar and tensor polarizabilities 0 ( ; ) L iw α and 2 ( L; iw) α evaluated at imaginary frequencies. In particular, for the helium case one may write:
where He α is the dynamical polarizability of helium. The polarizabilities at imaginary frequencies are given in atomic units as follows:
where E γ is the energy of the electronically excited state |L γ M γ > and the z axis lies along the internuclear axis. Usually (see [4, 8] ) the non-relativistic Hartree-Fock basises of the wave functions are used. More sophisticated approach is based on using the relativistic Dirac-Fock wave functions (first variant) [1] [2] [3] [4] [5] [6] [7] . Another variant is using the relativistic wave functions as the solutions of the Dirac equations with different model potentials and different density functionals (the Kohn-Sham DFT theory) [2, 3] . In this paper we have used the basis of relativistic functions, generated by the Dirac equation with the Ivanov-Ivanova model potential [11, 12] . The detailed approbation of this model potential in studying spectra and radiative characteristics of the ytterbium and thallium atoms is given in refs. [13] [14] [15] . In a number of papers it has been rigorously shown that using the optimized basises in calculating the atomic electron density dependent properties has a decisive role (see discussions in refs. [3, 12, 17] ). Here we will not in details discuss this question.
Results and discussion
The ground configuration for ytterbium is: In table 1 we present our calculation results for oscillator strengths of the ytterbium low-lying states transitions and compare with available theoretical and experimental data [17] . The presented data confirm a complexity of the studied object. The simple coulomb approximation may hardly provide the necessary accuracy. At the same time the experimental data are not sufficiently exact [16, 17] . In table 2 we present our calculation results (in atomic units) for the local δω(R) (in atomic units) and observed f ρ (Hz/Torr) shift for system: Yb-Íå. Let us note that earlier we have studied the collisional shift and broadening of the HFS line for the thallium atom in the helium gas. It has been obtained physically reasonable agreement between theory and experiment for the pair of Ò1-He [6] . It is obvious that the pair Yb-He is the more complicated system. Until now there are no any experimental or theoretical data for the Yb-Íå system. Thus, our data may be considered as the first reference. So, we have studied the collisional shift of the ytterbium Yb hyperfine lines in a medium of helium bath gas. The presented data can be used for construction of the ytterbium quantum measure of frequency. It is of a great interest measuring the temperature frequency coefficient.
